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Introduction
Let X be a normed space over a scalar field K, and let I ⊂ R be an open interval, where K denotes either R or C. Assume that a  , a  , . . . , a n : I → K and g : I → X are given continuous functions. If for every n times continuously differentiable function y : I → X satisfying the inequality a n (x)y (n) (x) + a n- (x)y (n-) (x) + · · · + a  (x)y (x) + a  (x)y(x) + g(x) ≤ ε for all x ∈ I and for a given ε > , there exists an n times continuously differentiable solution y  : I → X of the differential equation a n (x)y (n) (x) + a n- (x)y (n-) (x) + · · · + a  (x)y (x) + a  (x)y(x) + g(x) =  such that y(x) -y  (x) ≤ K(ε) for any x ∈ I, where K(ε) is an expression of ε with lim ε→ K(ε) = , then we say that the above differential equation has the Hyers-Ulam stability. For more detailed definitions of the Hyers-Ulam stability, we refer the reader to [-]. Obłoza seems to be the first author who has investigated the Hyers-Ulam stability of linear differential equations (see [, ] Recently, the first author applied the power series method to studying the Hyers-Ulam stability of several types of linear differential equations of second order (see [-] However, it was inconvenient that he had to alter and apply the power series method with respect to each differential equation in order to study the Hyers-Ulam stability. Thus, it is inevitable to develop a power series method that can be comprehensively applied to different types of differential equations.
In Sections  and  of this paper, we establish a theory for the power series method that can be applied to various types of linear differential equations of second order to prove the Hyers-Ulam stability.
Throughout this paper, we assume that the linear differential equation of second order of the form
for which x =  is an ordinary point, has the general solution y h : (-ρ  , ρ  ) → C, where ρ  is a constant with  < ρ  ≤ ∞ and the coefficients p, q, r : (-ρ  , ρ  ) → C are analytic at  and have power series expansions for all x ∈ (-ρ  , ρ  ). Since x =  is an ordinary point of (), we remark that p  = .
Inhomogeneous differential equation
In the following theorem, we solve the linear inhomogeneous differential equation of second order of the form
under the assumption that x =  is an ordinary point of the associated homogeneous linear differential equation ().
Theorem . Assume that the radius of convergence of power series
and that there exists a sequence {c m } satisfying the recurrence relation
for any m ∈ N  . Let ρ  be the radius of convergence of power series for all x ∈ (-ρ  , ρ  ), where ρ  = min{ρ  , ρ  } and y h (
x) is a solution of the linear homogeneous differential equation ().
Proof Let m be any sufficiently large integer. Since p d+ = p d+ = · · · = , q d+ = q d+ = · · · =  and r d+ = r d+ = · · · = , if we substitute m -d + k for k in (), then we have
By (i) and (ii), we have lim sup
which implies that the radius of convergence of the power series In many cases, it occurs that p(x) ≡  in (). For this case, we obtain the following corollary. 
Corollary . Let ρ  be a distance between the origin  and the closest one among singular points of q(z), r(z), or

Approximate differential equation
In this section, let ρ  >  be a constant. We denote by C the set of all functions y : (-ρ  , ρ  ) → C with the following properties: Proof We apply induction on n. Since p  = , if we set m =  in (), then
i.e., c  is a linear combination of a  , c  , and c  . Assume now that n is an integer not less than  and c i is a linear combination of a  , . . . , a i- , c  , c  for all i ∈ {, , . . . , n}, namely,
where
which implies
where α  n+ , . . . , α n- n+ , β n+ , γ n+ are complex numbers. That is, c n+ is a linear combination of a  , a  , . . . , a n- , c  , c  , which ends the proof.
In the following theorem, we investigate a kind of Hyers-Ulam stability of the linear differential equation (). In other words, we answer the question whether there exists an exact solution near every approximate solution of (). Since x =  is an ordinary point of (), we remark that p  = . 
